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Available online 13 September 2016AbstractAccording to the fractal characteristics of the porosity of the porous media, as well as the fracture extending in the hydraulic strengthening
process, the fractal theoretical relationship between porosity and permeability in the coal seam is established. Furthermore, the fractal calculation
models of the fracture robustness and the filtration coefficient of fracturing fluid under the hydraulic fracturing are also built. Based on all of the
accomplished studies above, the fracture extended model is set up under the assumed condition of the pseudo-three-dimensional fracture
extended model. The geometric parameters of the fracture for the eight CBM wells in the Zhengzhuang block of Qinshui coal basin within
Shanxi province were calculated by means of the fractal models. The results show that the fractures' lengths of hydraulic fracture range from
106.8 m to 273.1 m, and the widths range from 3.6 m to 12.7 m in study block. By comparing the calculation results with the different models, it
shows that the results of the fractal model fit well with the field measured value, this reflects the applicability of the model to some extent.
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Since the 1940s, hydraulic fracturing was successfully
adapted in oil and gas wells production in America. Hydraulic
fracturing as a stimulation treatment has drawn ever attention.
China started to develop the CBM by means of hydraulic
fracturing around about the 1990s. At present, hydraulic
fracturing is considered the most common and economical and* This is English translational work of an article originally published in
Natural Gas Geoscience (in Chinese). The original article can be found at: 10.
11764/j.issn.1672-1926.2015.10.1992.
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China. Publishing services by Elsevier B.V. on behalf of KeAi Communications Co. Ltd. This is an openway to improve reservoir environment, flow conductivity, and
single well productivity [1,2].
Hydraulic fracture technology aims to generate high con-
ductivity fractures that would promote the permeability of the
coal reservoir. The fracture shape and extending laws are
generally important technology parameters to evaluate fracture
effect. By way of the large-scale process in the CBM develop-
ment in China, more studies including fracture shape, extending
rules, and numerical simulation of the hydraulic fracture et cetera
have been carried out, in which many great successes have been
achieved in the recent years. On the basis of rock mechanics
theory, the direction of the hydraulic fracture, which is perpen-
dicular to the orientation of the minimum in-situ stress, is
managed by the stress regime or the relative magnitudes of ver-
tical stress,maximumhorizontal stress, andminimumhorizontal
stress [3]. The said fracture extends in the mentioned direction.s AND Langfang Branch of Research Institute of Petroleum Exploration and Development, Petro-
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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seam, conventional oil, and gas reservoir, the stress sensitivity of
coal seam is resilient due to the natural fractures that grew in the
coal seam [4e6]. Hence, the fracture shape differs from the
conventional reservoir. The fracture shapes in the coal seam tend
to bemore random,whichmeans it can form a vertical fracture in
a shallow layer and it can also form a horizontal fracture in a deep
layer [7,8]. In summary, it's crucial to establish mathematical
models accurately for fracture prediction, particularly with the
geometric shape and extension law. In the 1970s, the two-
dimensional PKN and KGD fracture mathematical models
were built and was widely circulated as the classical mathe-
maticalmodels [9,10]. However, the PKNmodel ismore suitable
when the length is higher than the height.On the contrary,KGDis
the opposite [11]. Then in the 1980s, Palmer created a more
seamless pseudo-three-dimensional model with the assumed
conditions of the following: (1) a homogeneous formation, (2)
the equal stress difference of coal seam roof and floor, (3)
elliptical vertical profile, (4) and a one-dimensional flowing
model [12]. This has made the application to a smaller vertical
extension be excellent. As the research continued, full three-
dimensional models were born, and the said models can stimu-
late the process of the fracture extending in various media
effectively. Currently, the construction and application of the full
three-dimensional model have undergone a handful of experi-
ments and research [13e17].
For the purpose self-similarity, complexity, and irregularity
of pores and fractures in the coal seam, fractal theories have
been applied in studying the fractal features of the pores or the
fractures formed by geological structure, this subsequently
leads to the development of the fractal models of fracture in
the 1980's [18e20]. Furthermore, pores and fractures in coals,
with varying metamorphic degrees, were analyzed by means
of fractal theories, and the relationship between coal properties
and fractal dimension were investigated [21e23]. The study
shows that fractal dimension of pore volume in coals have a
good correlation with coal metamorphism, as the degree of
coalification deepens, the value of fractal dimension decreases
continuously but its range is generally 2.70e2.90 [24].
Based on the fractal characteristics of pore structure and
mechanic parameters of coals, permeability and stress strength
factor are calculated using fractal dimension. Then, by means of
the Palmer pseudo-three-dimensional fracture model, the hy-
draulic fracturing prediction model is established with fractal
theories. Finally, the main influencing factors of the fracture
extending are discussed with the help of the engineering prac-
tice of CBM wells in the south of Qinshui Basin, China.
2. Pore fractal feature in the coal seam2.1. Fractal calculation model of porosityGenerally, the pore shape and porosity in porous media
show fractal feature. The self-similar interval has a consider-
able extent, and its range can reach several magnitudes. In
addition, the accumulative volume of the pores is the inte-
gration of pore radius distribution density function to the poreradius [25]. The relationship of the pore equivalent radius r
and pore accumulative volume N(r), in which the radius is
more than the established r in the porous media:
NðrÞ ¼
Zrmax
r
f ðrÞdr ¼ arD ð1Þ
where r, rmax are pore radius and maximal pore radius,
respectively, mm; f(r) is the pore radius distribution density
function; D is the fractal dimension of porosity in the porous
media; a is the fractal coefficient which is generally constant.
Moreover, it deduced the following relationship:
dNðrÞ
dr
¼aDrð1þDÞ ð2Þ
Based on the Eq. (2), the definition of porosity in pore
media is the porosity f redefined as:
f¼
Zrmax
rmin
dNðrÞ
dr
$pr2dr ¼ paD
2D

r2Dmax  r2Dmin

¼ paD
2D$r
2D
max

1 r
2D
min
r2Dmax

ð3Þ
where f is the porosity, %; rmax, rmin is maximum and mini-
mum pore radius, mm.2.2. Fractal calculation model of permeabilityThe research shows that the permeability is relative to the
arrangement mode of the particles containing pores, but the
relationship is quite complex [26,27]. According to the Pois-
euille equation, the length L and sectional area A are calcu-
lated without considering the tortuosity for single capillary, the
flow is then gained:
q¼ pr
4ðp1 p2Þ
8mL
ð4Þ
The flow at which the pore media let pass at the sectional
area; A is deduced [28,29]:
Q¼
Zrmax
rmin
dq¼
Zrmax
rmin
pr4ðp1 p2Þ
8mL
aDrD1Adr
¼ ðp1 p2Þ
mL
ApaD
8ð4DÞ

r4Dmax  r4Dmin
 ð5Þ
where Q is the flow, cm3/s; p1 and p2 are the pressure of the
two ends from the column samples of coal cores, MPa; m is
flow viscosity coefficient, mPa$s; A is the sectional area, cm2;
L is the length of the coal column samples, cm.
In combining the law of Dacy's and Eq. (5) the expression
of permeability of the fractal porous media is given as follows:
K ¼ QmL
Aðp1 p2Þ ¼
paD
8ð4DÞr
4D
max
"
1

rmin
rmax
4D#
ð6Þ
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from a nanometer to millimeter level. Thus the minimum pore
radius (rmin) is far less than the maximum pore radius (rmax),
which means that rmin/rmaxz0. Thus, the combined Eq. (3)
and Eq. (6) can be replaced by the following equation:
K ¼ 108 paD
8ð4DÞ

2D
106paD
f
4D
2D
ð7Þ
3. Fractal geometry models of fractures extending under
the hydraulic fracture3.1. Fractal calculation model of the filtration coefficientFig. 1. Fractal shape of crack extension under hydraulic fracturing process
[30].The fracturing fluid loss is mainly affected by filtrate vis-
cosity, compression of formation, and wall-building property
of fracture. At present, the fractal fluid selects a clear water or
active water in the process of hydraulic fracture of the coal
reservoir. The ability to form a filter cake effectively becomes
difficult. Therefore, it just needs to consider the effect of the
filtrate viscosity and compression of the formation fluid when
filter loss is calculated. Thus, the expressions of the overall
filtration coefficient are given by the following functions
[30,31]:
C1 ¼ 0:171
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
KfDP=m
p
C2 ¼ 0:138DP
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
KCff

m
q
C ¼ 2C1C2

C1þ
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
C21þ 4C22
q 
ð8Þ
where C1 is the filtration coefficient of fracturing fluid vis-
cosity, m/min1/2; C2 is filtration coefficient of formation fluid,
m/min1/2; C is overall filtration coefficient, m/min1/2; m is
fracturing fluid viscosity, mPa$s; K is the formation perme-
ability, which is perpendicular to the filtration direction, mm2;
DP is differential pressure of fracture inside and outside, MPa;
Cf is the fluid compression coefficient, MPa
1.
The synthesized formula between the C1, C2, and C, as well
as the equation of the overall filtration coefficient, is shown as
follows:
C ¼
0:0472DP
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
fKCf

m
q
0:171þ ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ0:0292þ 0:0762DPCfp ð9Þ
Taking the permeability fractal Eq. (7) and Eq. (9), the
fractal calculation model of the overall filtration is expressed
as:
C ¼ 1:669 10
6DP
0:171þ ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ0:0292þ 0:0762DPCfp ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
paDCff
ð4DÞm
s 	ð2DÞf
106paD

ð4DÞ=2ð2DÞ ð10Þ3.2. Fractal geometry model of fractureIn the process of hydraulic fracture, fractures extend by
curve shape not by a straight line mode in the underground
(Fig. 1). The previous studies found that the distribution of the
hydraulic fractures shows fractal characteristics [32]. The
relationship between the fracture length L and yardstick d1 is
concluded as following equation:
Lðd1Þ ¼ LDfo d1Df1 ð11Þ
where Df is the fractal dimension of the irregular extending
fracture; d1 is the yardstick, which is close to a self-similar
ratio R.
Hence, it also can be described as follows:
Lðd1Þ ¼ LDfo R1Df ð12Þ3.3. Fractal calculation model of fracture toughnessOn the basis of fracture mechanics theory, the relationship
between the fracture strength KI of crack, type I of linear
elastic fracture mechanics, and fracture energy Ge is built as
follows:
KI ¼ A
ﬃﬃﬃﬃﬃ
Ge
p
ð13Þ
where KI is the fracture strength factor of coal, MPa $m
1/2; A is
the fracture area, m2, A ¼ E=
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
1 s2
p
(E is the elastic
modulus of coal, MPa; s is the Poisson's ratio of rock, %); Ge
is the fracture energy; Ge ¼ 2rs(rs is the surface energy of the
fracture area at macroscopic measurement unit, N/m).
In the case of an irregular extending fracture, the fractal
expression of the critical extension force is defined [33,34]:
Gcnt ¼ 2rsð1=RÞðDf1Þ ð14Þ
By means of Eq. (13) and Eq. (14), the expression of the
fracture strength is rectified by the following formula:
KID ¼ KIðrÞð1Df Þ=2 ð15Þ
where KID is the fracture sturdiness after correction; KI is the
primary fracture toughness, Df ¼ lgn=lg 1d (n is the generator
quantity, which has the value 3 [32]).
322 X. Zhang et al. / Journal of Natural Gas Geoscience 1 (2016) 319e3254. Fracture extending model and application of hydraulic
fracture in the coal seam based on fractal theory4.1. Structure of the fracture extending model
4.1.1. Model assumption
In this paper, the purpose of establishing the extending
model of the fracture formed was in the process of
inducing a hydraulic fracture on coal seams based on the
fractal theory, some precondition should be assumed as
follows:
(1) The Coal seam is a linear elastic body. Fracture belongs to
crack type I of linear elastic fracture mechanics, and plane
strain occurs mainly in the horizontal plane.
(2) The mechanical property of coal-bearing formation is
homogeneous. However, compared to a coal seam, its roof
and floor have different mechanical parameters, such as
elastic modulus, Poisson's ratio, and fracture toughness,
but there are same ground stress and elastic parameters in
the same strata.
(3) The fracturing fracture is vertical, this always shows
elliptic shape in the profile terms, and it also takes the
shaft as the axis-symmetric distribution.
(4) The difference in the stress between the roof and floor of
the coal seam is unchanged, and the stress is uniformly
distributed.
(5) Fluid in the way in which the fracture shows one-
dimensional flow mode and the fracture fluid is
incompressible.4.1.2. Model structure
4.1.2.1. Continuity equation. In the process of fracturing, the
fracturing fluid injection and loss obey the Law of Mass
Conservation. According to the principle of volume balance, it
can be concluded that the flow changes, which pass a vertical
profile, equals to the sum of fracturing fluid loss speed at unit
length and change rate of vertical profile area. Therefore, in
the injection process of fracturing fluid, the continuity equa-
tion of the fluid migration in the coal seam is calculated by the
following formula:
dqðx; tÞ
dx
¼ 2HCðx; tÞﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
t tpðxÞ
p þ dAðx; tÞ
dt
ð16Þ
where q(x,t) is the fluid flow of x m placed in the fracture at
time t, m3/min; A (x,t) is the sectional area of x m placed in the
fracture at time t, m2; H is the coal seam thickness, m; C is the
overall filtration coefficient of the x m place in the fracture at
time t, m/min1/2; tp(x) is the filtration start time of x m place in
the fracture, min.
Calculating the fractal permeability of the Eq. (7) into Eq.
(16), the continuity equation of fluid migration at t time is
given as:dqðxÞ
dx
¼ 2Hﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
t tpðxÞ
p 1:335 105DP
0:171þ ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ0:0292þ 0:0762DPCfp ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
pð3DÞCf
ð4DÞm
s 	
pð3DÞf
106aD

1=2ð3DÞ
þ dAðxÞ
dt
ð17Þ
4.1.2.2. Pressure drop equation. Utilizing the referred
pressure drop equations of the fluid flow in a parallel
plate and ellipse pipe by Nolte, a pipe shape factor F(n)
was introduced. The pressure drop equation in the frac-
ture length direction was acquired [35], in regard to
Newton fluid of ellipse fracture section, which means
fð1Þz3p=16.
vpðx; tÞ
vx
¼ 64mqðx; tÞ
phðx; tÞwðx;0; tÞ3 ð18Þ
where h(x,t) is the fracture height of x m placed in the fracture
at the time t, m; w(x,0,t)is the maximum cross-sectional width
of x m placed in the fracture, m.
4.1.2.3. Fracture height equation. Fracture height is
constantly changing while the fracture is extended in the
process of the hydraulic fracture. However, in a shorter
extending length, the fracture height is nearly invariable.
Based on the equation of Rice stress intensity factor, by
means of fourth-order Runge-Kutta method, taking into
account the corrective fractal calculation model of the
fracture toughness (Eq. (15)), the fractal calculation
model of the fracture height at any time is built as
follows:
dpðx; tÞ
dx
¼64
p
qðx; tÞs
peðx; tÞw30ðx; tÞ
"
KIðrÞð1Df Þ=2ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
2ph3ðx; tÞp
 2
p
ðS2 S1Þ H=hðx; tÞﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
h2ðx; tÞ H2p
#
ð19Þ
Then:
dhðx; tÞ
dx
¼ 64
p
qðx; tÞm
peðx; tÞw30ðx; tÞ
eðx; tÞ ¼ KIðrÞ
ð1Df Þ=2ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
2phðx; tÞp 
2
p
ðS2 S1Þ Hﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
h2ðx; tÞ H2p
where KID is the corrective rock fracture toughness, MPa$m
1/
2; S1 is the minimal ground stress of coal, MPa; S2 is the
minimal ground stress of coal seam roof and floor, MPa; s is
rock Poisson's ratio, %.
4.1.2.4. Fracture width equation. Compared to oil and gas
reservoirs, the coal seam is thin. Not to mention, the stress
difference of coal seam roof and the floor is small and almost
insignificant. Therefore, it contemplates approximatively that
fracture of geometrical shape in the vertical profile is
Fig. 2. Fracture morphology of coal seam under Symmetrical stress.
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the static pressure p( y) in the fracture internal face is presented
at the following equation:
pðyÞ ¼

pf  S1 jyj<H=2
pf  S2 jyj>H=2 ð20Þ
where pf is net pressure in the fracture, MPa; y is the extending
height from fracture center to up, m.
According to the plane strain condition put forward by
England and the Green, the relationship between the center
provides a maximum width of x m placed along the fracture
length and normal stress of slotted wall can be obtained [36]:
w0 ¼ 2ð1 m
2ÞhðxÞ
E

pf  S1

1 2
p

S2 S1
pf  S1
	
arccos h0
 h0In

1þ ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ1 h0p
h0


ð21Þ
where h0 ¼ Hmhðx;tÞ is dimensionless quantity.Table 1
The main parameters of some CBM wells in Zhengzhuang block.
Parameter Well number
W1 W2 W3
Reservoir
parameters
Thickness/m 4.8 3.8 3.7
Reservoir pressure/MPa 3.59 5.07 6.27
Elastic modulus/MPa 1220 1210 1630
Poisson's ratio/% 0.32 0.31 0.30
Porosity/% 5.9 7.1 6.5
Construction
parameters
Fracture fluid Active water Active water Active wa
Fracture pressure/MPa 22.7 22.7 30.0
Transient pressure/MPa 17.9 18.6 32.7
Displacement/(m3/min) 7.22 6.37 7.21
Total fracture fluid/m3 714.31 757.50 540.94
Calculated
results
Permeability/(103um2) 0.2760 1.2200 0.5890
Overall filtration
coefficient/(m/min1/2)
0.001851 0.004161 0.0038494.2. Model application
4.2.1. Coal seam characteristics in the study area
Zhengzhuang block is located in the Jincheng, the south of
Qinshui Basin, which is the most active and successful CBM
exploration and development area in China. It is located in the
tectonic block of the Qinshui Depression, as well as the south
of the Zhangshang-Wuxiang-Yangcheng fold zone with the
strike direction of NNE. Due to the effects of the Sitou Fault in
the east and the Houchengyao Fault in the southeast, a total
tectonic setting in the south is higher than that in north,
showing tectonic framework of two-depression and one-uplift.
Based on this geology structure, a series of folds including
anticlines and synclines in the NE direction showed an alter-
native distribution. In addition, 119 columns collapsed were
then disclosed in the geological drilling and seismic explora-
tion. Major minable seams in the block are No.15 coal seam in
the Carboniferous Taiyuan Formation and No.3 coal seam in
the Permian Shanxi Formation. Gas-bearing area proved is
692 km2 in the block. The prediction of the CBM resource
reserve is about 1612  108 m3, among of which
700  108 m3 is classified as the proved reserves. No.3 coal
belongs to the anthracite of high metamorphic degree. The
maximum vitrinite reflectance ranges from 3.29% to 3.98%,
with the average being 3.63%.The burial depth of coal seam
No.3 changes from 350 m to 1400 m. There were more coal
seams buried in between 500 m and 1100 m, totally showing
the distribution laws of the burial depth in the north is deeper
than that that in the south. The coal seam presents that the
distribution trend of the thickness being thick in the northwest
and southeast, but thin in the middle part, which the thickness
of the coal seam ranges from 1.15 m to 7.39 m, and the
average is about 4.95 m. The actual measured gas content is
6.05e30.13 m3/t, and the average is about 20.71 m3/t.
4.2.2. Simulation analysis
Based on the fracture extending fractal model which is built
during the study, the referred construction and reservoir pa-
rameters of 8 CBM evaluation wells in the Zhengzhuang block
took place (Table 1). The fracture length and height afterW4 W5 W6 W7 W8
4.0 4.0 4.7 5.4 4.0
10.53 3.49 5.53 7.98 8.80
1120 1170 1520 1320 1290
0.33 0.32 0.31 0.31 0.31
4.0 5.3 5.8 7.7 7.1
ter Active water Active water Active water Active water Active water
27.0 22.5 23.0 16.4 27.0
23.8 23.0 19.2 14.3 23.8
6.50 6.80 6.34 2.47 4.34
730.11 761.04 761.30 782.08 785.85
0.0144 0.0130 0.2380 2.1600 1.2200
0.000390 0.001348 0.00168 0.00502 0.00492
Table 2
The comparison of the hydraulic fracture parameters between the measured values and the calculation results by the different models for some CBM wells in
Zhengzhuang block.
Well number Field measured
value
PKN flength KGD length Length in document
3
Fractal model length Fractal model height
length/m height/m Calculated
value/m
error/% Calculated
value/m
error/% Calculated
value/m
error/% Calculated
value/m
error/% Calculated
value/m
error/%
W1 160.0 5.9 26.0 83.7 77.3 51.7 61.8 61.4 175.0 9.4 5.5 7.4
W2 192.0 7.5 22.4 88.4 274.9 43.2 130.4 32.1 177.0 7.8 5.4 27.3
W3 152.0 6.7 19.7 87.1 50.2 66.9 32.9 78.4 146.0 4.0 10.6 57.5
W4 190.8 6.6 14.8 92.2 215.4 12.9 87.2 54.3 157.3 17.6 3.6 45.5
W5 187.8 7.4 26.7 85.8 403.0 114.6 176.8 5.9 254.0 35.6 6.4 13.2
W6 216.7 6.8 24.1 88.9 362.9 67.5 211.8 2.3 273.1 26.4 12.7 85.8
W7 195.1 7.5 18.9 90.3 82.4 57.8 82.5 57.7 106.8 45.2 6.9 7.9
W8 181.4 7.5 17.6 90.2 83.1 54.2 102.2 43.7 151.8 16.3 6.9 8.1
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sion of 1.70, the fractal coefficient is out of 106 [29,37], and
the generator quantity of n being3 [32]. In order to compare
the studies, the fracture length is calculated and compared
with the actual results by combining classical PKN, KGD
dynamic models, and single fracture extending the model of
high-rank coal hydraulic fracture constructed in the document
[3](Table 2).
The result from Table 2 suggests that the fracture length
calculation result of the PKN model is less than the field
measured values, and the average value of error has reached
88.3%. The acquired result of the KGD model had great
changes with the average error being 58.6%. The length
average error of the model calculation in document 3 and this
study are 42.0% and 20.3%, respectively. Comparing the re-
sults mentioned, it concludes that the length average error
based on the PKN model is the largest, but this research is
smallest. It means that the prediction of this research is more
accurate. Additionally, the fractal model of the fracture
extending in this study was set up under the establishment of
pseudo-three-dimensional fracture prediction model. There-
fore, the fracture height dynamic change and the effect of the
fracture length are considered in the fracturing process. It also
proves that this model has better applicability.5. Conclusions
(1) According to the relationship between fractal character-
istics in the porous media and the porosity, as well as the
permeability, the fractal calculation models of both the
porosity and permeability in coal seam are established.
The combination in the fractal feature of the fracture
extending shape and the effecting factors of the fracture
fluid loss during the hydraulic fracturing, the fractal
calculation models of the fracture toughness, and overall
filtration coefficient are defined.
(2) On the foundation of the pseudo-three-dimensional frac-
ture extending model, and in line with the reservoir
physical parameters and fractal calculation model of
filtration coefficient, it has built the fracture extended
model which is based on fractal theories.(3) By means of taking 8 evaluation wells in the Zhengzhuang
block to apply the fractal model of this study, the length
and height of fracture are calculated. The results show that
the fractures' lengths of hydraulic fracture vary from
106.8 m to 273.1 m, and the widths range from 3.6 m to
12.7 m in study block. Through comparing the calculation
results with different models, it shows the results of the
fractal model fit well with the field measured value, which
reflects the effectivity of the model to some extent.Foundation item
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